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Chemicallz Modified Lymphoking and Production The:ogg

Lymphokines Such as interferong (hereinagtey sometings
abbreviated ag IFNs) and interleukin-2 (hereinafter Sometines
abbreviated ag IL~2) bave been considered to be of ¢linical
vValue for the treatment of viral infections ang Mlignancies
and recent tochnoloqiéal advances i genetic cnginooring '

. have made it {n Principle possible to produce such lymphokines

on large SCales, Bo'ovor}.it is known thgt the clearance

of lymphokines adninistered to the 1living body is in general
very short. 15 the case of lymphokines dezived tgdn hoto:ologou-
animals, i¢ 1l»nnt1c1patnd thnt_antibodles Bay be produced

in some instanceg and cauio Severe reaction such as anaphylaiil;
Theretore, tochnoloqy developaent is desired vhich leads

to delayed ¢learance of lymphokines used a8 drugs, with

their activiey tetained, apng further to decrease in their
antigenicity. mq achieve this object, cheaical modification

of lymphokines is a very effective Beans. Such chemical
nodification i3 expected to result in delayed Clearance

in the living body, decreaged antigenicity ang, further,
increaseq pbyaiologlcal activiy. pron the practical viewpoint,

"
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) th significance of chemical rodification of lymphokines

is thus very great.

Generally, in chemically modified physiologically
active proteins, a method is required by which said proteins ‘
can be chemically modified while retaining their physiological
activity. Polyothy;eno glycol methyl ether is considered
to have no antigenicity and therefore is used in chemical
modification of proteins. The introduction of said gubstance
into proteins is generally performed by way of the intermediary
of cyanuric chloride. However, cyanuric chloride is toxic
Per se and the possible toxicity of its degradation products
in vivo remains open to question. Therefore, cyanuric ghloride
should be used with caution. ,Purthermore, the reaction-

- {nvolved }oquiros a8 pH on the alkaline side and therefore

the above-mentioned method of modification has a drawback
in that it cannot 'be applied to proteins liable to inactivation
under alkaline conditions. |

U. 8. Patent No. 4,002,531 discloses a method of producing
monoalkylpolysthylene glycol derivatives of enzymes. However,
the nnthéd disclosed therein, which uses sodium borohydride
it pH é.s, wvhen applied to lymphokines, may possibly destroy
the physiological activity of lymphokines and therefore
cannot serve as an effective method of production. FPurthermore,
said patent specification does not any suggestion as to
the effect of delaying the in vivo clearance of the enzyme
ddtivativns. Such effect is thersfore unknown.

There is also known a method of introducing a low
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molecular aldehyde such ag formaldehyde, acetaldehyde, benzaldehyde

or pyridoxal into physiologically active proteins in the
presence of a boron-containing reducing agent (Methods in

Enzymology, 47, 469-47s (1977); Japanese Patent Unexamined

Publicatiorn No. 124,596/83]. However, application of said

method to lymphokines fails to achieve effective dela

Yy in

Cclearance. A substantial decrease in antigenicity cannot

be expected but rather it is possible that the low molecular

‘aldehyde introduced Ay serve as a hapten to thereby provide

8aid lymphokines with immuncgenici ty,

The present inventors studied intensively to overcome

the above difficulties and have now conpleted the Present
invention. "

This invention provides chenically modified iyuphokinel
having polyethylene glycol of the formula n—*O-sz-Cﬂz+3 (1)
wherein R i3 a Protective group for the terninal oxygen atem
and n is an optional positive integer, bonded dizectly to
at least one Primary amino group of the lymphokine moiety
and a method of Producing the same.

In the present specification, the tera “lymphokine*
includes soluble factors released from lymphocytes and involved
in cellular immunity and substances equivalent thereto in
physiological activity. '

Thus, the lymphokines may be genetically engineered
pProducts, products derived from various animals including
humans and further include substances similar in structure
and in physiological activity to these,
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Por instance, there may be mention d‘various interferona
[interfe:on-a (IPN-a), interferon-g (IFN-8), interferon-

Y (IPN-v),], I1L-2, macrophage differentiating factor (MDP) ,
macrophage activating factor (MAP), tissue Plasainogen activator,
and substances sinila: in structure and in phyltological
activity to these. ) _

Exanples of said substances similar in structure ang
in physiological activity are substances having the structure
Of IFN~Y except for the lack of 2 to 4 anino acids at the
N-terninal thereof (PCT/JPB4/00292, filed June 6, 1984),
various IFN-y fragments lacking in the C terminal portion
Of IFN-vY (e.g. 15K species; EPC  patent Application
Ro. 8¢ jili33 g ), substances having the structure
of IL-2 except for the lack of the H-terminal amino acid
thereof (RPC (latd open) 91539) or the lack of 4 amino acids
from the N~terminal (Japanese Patent Application 58-238638,
£iled December 13, 1983) and substances having the structure
of IL-2 except for the lack of one Or more constituent amino
acids with or without one or nore substitute amino acids
in place of said missing one or ones, for exanple the IL-

2 analog eontaihing serine in lieu of the 125th amino acid
cysteine (EPC (1aid open) 104798).

Preferred among such lymphokines are IFN-g. IFPN-y
[consisting of 146 amino acids (EPC (laid cpen) 0089676)],
IPN-y lacking in two N-terminal amino acids (I1r¥-y 42),

IPN-y lacking in three N-terminal amino acids (IFN-y 43),
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and IL-2.

The lymphokines to be used in the practice of the
ix;vencion Preferably have a molecular weight of 5,000 to
350,000, more Preferably 10,000 to 30,000.

The primery azises group of lmhokincs includes the
N-terminal q-amino group and the e-amino group of the
lysine residus.

Refarring to the &Toup represented by tha above formula
(I), the terminal Oxygen-protecting group R is, for example,
an alkyl or alkancyl group. The alkyl group is preferably
an alkyl of 1 to 18 carbon atoms, more preferably a lowsr
(C1.4) alkyl, such @s methyl, ethyl, propyl, i-propyl, butyl,
i-buryl, sec-butyl or t-butyl. The alkanoyl group is pref-
erably an alkanoyl of 1 to § carbon atoms, more prefarably a
lower (01_6) alkanoyl, such as formyl, acetyl, propionyl,
butyryl, i-butyryl or caproyl. The positive i{nteger n is
preferably not more than 300, more preferably 7 to 120.

The group of formula (I) preferably has a molecular
weight of not more than 25,000, more preferably 350 to 6,000.
From the viewpoints of physiological activity retention and
clearance delaying effect, the group of formula (I) pref-
erably has a molecular weight corresponding to 1 to 101,
more preferably 2 to 5% of the molecular weight of the
lymphokine to be modified.

The chemically modified lymphokines according to the
invention have the group of formula (I) directly bonded to
at least one f the Primary group of the corresponding

go1s .
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lymphokinea.

Whan the N-terminal a-amino group is the only primary
anino group in the lymphokine to bae modified, the modified
lymphokine has the group of formula (I) directly bonded to
said amino group. When the lymphokine to be modifiod has
one or more lysine residues in its molecule, the modified
lymphokine Las the group of formula (I) directly bonded to ‘
scas percentage, preferably 15 to 801 (on the average), of
said ¢-amino groups. In this case, the N-terminal a-amino
group may have or may not have the group of formula (I)
directly bonded thereto.

The chemically modified lymphokines sccording to the
invention can be produced, for sxanple, by reacting a

‘lymphokine with the the aldehyde of the formula

R-(-O-CHZCHIHO-CHZCED (I1) vherein R.and n are as dcfined
above, in the presence of a reducing agent.

As the boron-containing reducing agent to be used as
conducting the remction, thers may be mentioned sodium boro-
hydride and sodium cyanoborohydride. Among them, mors pre-
ferred is sodium éymobo:ohydridn from the viewpoint of

' selectivity of reaction or possibility of carrying out the

reaction {n the neighborhood of neutralicy.

In carrying out the reaction, the ’aldahdyo (I1) is used
in an amount of about 1 to 10,000 moles per moles of the
lyuphokine, and the boron-containing reducing agent is used
in an Vnoun: of about 1 to 100 moles per mole of the lympho-
kine. The degree of modification can be selected as desired
by varying the mol ratio between lymph kine and aldehyda
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(II). The solvent t be used in carrying out the invention

may be any solvent which does not disturb the reaction and

1s, for example, a buffer such as a phosphate or borate
buffer. An organic solvent which does not inactivate lympho-
kines or disturb ths reactiom, such as a lowar alkanol (e.g.
methanol, ethanol, 1-propanocl) or acatonitrile, may be added.
The reaction may be conducted within a broad pH range of 3

to 14 but is preferably perfomred in the vicinity of neutral-
ity (pH 6.5-7.5). The reaction temperature may be selected
within a broad range of 0° to 30°C, preferably 0° to 50°C,

80 as mot to cause denaturation of lymphokines. A period .
of 0.5 to 100 hours, generally 10 to 80 hours, will be suffi-
cient for the reaction. The desired, chemically modified
lymphokines can be obtained by purifying the reaction mixture

by dialysis, salting out, fon exchange chron.s:o;:q?hy. gel

filtration, high performancs liquia W, elactxophoresis, or the

like ordinary method of purifying proteins. The degree of
wodification of the amino §TOUp or groups can be calculated
by ‘néid degradation followed by amino acid mlysis'. for
instanca.

The above-mentioned aldehyde (II) can be produced from
an ethylens glycol derivative of the formula
n-(-o-cazcxz-;i-on (III) wherein R and n are as defined above,
for instance. The following is a method of
pProducing the same which is advantageous in that the pro-

duction of the corresponding byproduct carboxylic acid is
lictle.
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Thus, the compound (I1I) is oxidiz d with pyridinium
chlorochromate in a h‘aloalkane solvent such as methylens
chloride or chloroform. In this case, pyridinium chloro-
chromate is used in an amount of 1 to 3 moles per mole of
compound (III) and the reaction is carried out at -10°to 50°C,
preferably at room temperature, for 1 to 30 hours.

Trestment of compound (III) (n-1) with potassium butoxide

 1n t-butanol followed by reaction with a bromoacetal and

treatment with an acid such as an organic acid (e.g. tri-
fluoroacetic acid) or an inorganic acid (e.g. hydrochloric
or sulfuric acid) can also give the corresponding aldehyde
(I1) which is longer in chain length by -0-CH,CH,- than
compound (III). In this case, 10 to 30 moles, per mole of
compound (III), of potassium t-butoxide is added to the -
above compound and, after dissolutiom, 3 to 15 moles, per
mole of compound (III), of a bromoacetal is added, followed
by reaction at 10° to 80°C for O.S to 5 hours. After
treatment of the reaction mixture in the conventional mammer,
the product is dissolved in a dilute aquecus solutiom of
the above-mentioned acid, followed by heating for 5 minutes
to 2 hours.

In each case, the reaction mixture can be subjacted to

~purification process conventional in the field of chemistry,

such as extraction, concentration, recrystallization, re-
precipitation, chromatography and/oxr distillation.

The chemically modified lymphokines according ta the
invention hav useful physiological activities similar to
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those of the cofnspanding known, unmodified lymphokinaes
and are useful 44 drugs, anbng others,

The chemically modifieqd lymphokines accordiﬁg to tha
invention exhibit delay in clearance in vivo as compared with
the corresponding kaowm, unmodified lymphokines and are
low in toxicity and antigenicity and can be used safely for
ﬁhn 8ame purposes and in the same Darner as in the case of
known lymphokines.

The chamically modified lymphokines according to the
invention can usually be administered to mamuals (monkey,
dog, pig, rabbit, mouss, hﬁmn) eithar orally or pa'nn'éoral-,
1y .in the form of appropriate pharmaceutical compositions '
Preparsd by using carriars, diluents, ate., which are lmown
in themselves. :

Thus, for instance, chamically modified IFN-q according
to the invention, when used 48 an antiviral agent, is racom-
mendably administered to buman adults once a day by intra-
Venous injectios in a dose of 1 x 10 to 1 x 109 tnternational
wmics,

 In the present specification, the amino acids, when
Teferred to by abbreviations, are abbraviated according to
IUPAC-IUB (Commision of Biological Nomenclaturs).

The transformant Escherichis coli 294/pHITtrpl101-d2

s disclosed hereinlster in a refarence eun.:h has been

deposited with Institute for Permentation,Osaka(IFO) under the
deposit number IPO-14350 and,

since Jwne 6, 1984, with the Fermentation Research

Institute (FRI), Agency £ Industrial Science and Techn logy,

goi9
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Ministry of International Trade and Industry under the deposit
number FERM BP-703 under Budapest Treaty.
The strain Escherichia coli DH1/pTF4 has been depositad
with #hc Institute for Permantation, Osaka under tha deposit
s number IF0-14299 and, since April 6, 1984, with the FRI wnder
the deposit number FERM BP-628 [under Budapest Treaty.
BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 shows the clearancs
as disclosed in Example 1 (iv).
10 tained with the chemically mod
invention as produced in Exampl
(enzyms immmoassay) snd [ (ant
tha results obtained with rIFN-
(ensyme {mmunocassay) and 8 (ant
15 Fig. 2 shows the clearance
as disclosed in Example 3 (ii).
_and @ axe the enzyms immmoassa
coupomci No. 2 (Table 1)Aand c
Fig. 3 shows the construct
20 plasmid pHITtrpll01-d2 discloss
and Fig. 4 the construction s for the expressica plasmid
PLC2 disclosed in Refarence le & (1).
BEST MODE FOR CARRYING OUT THE INVENTION
The following working e lee and referance examnles

delaying effect in rat plasma
The measuremant results ob-
ied IFN-a according to the

1 (1) are indicated by O
viral activity assay), md

used as a control by @

viral activity assay).

delaying effact in rat plasma ..
The data fndicated by 4,0
data for compound No. 8,

trol rIFN-acA, respectiwely.

on scheme for the expression

in Raference Example 3 (1)

25 1illustrate the invention in more detail but are by no means
limitative of the inventiom.
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Exampie 1 Production of polyechylene gaycol machyl ether-

medified IFN-a

(L) A S-ml (4.8 B§ 43 protein) portiom of & goluciom of
IE¥-c (rIFN-cA) was dialyzed againsc 0.2 M phosphata buffer
(P2 7.0) ana .15 M sodiwm chlordds zc 4°C for iZ hours.

To the dialyzate taken out, there was added the polyethylens -
glycol methyl etho:.; aldehyde (average molecular ﬁ.izht
1,900) (260 mg) obrained in Beference Example 1. Then,

@usL |
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sodium cyanoborohydride (140 mg) was added, and the mixturs
vas stirred at 37°C for 40 hours. The Teaction mixture was
poursd iaco & Sepuadex G-75 column (3.0 x 43.0 cm) and
dcvglopc_d with 25 oM ammonium acetate bufiar (pE 5.0) and
S 0.15 M sodium chloride. The eluats was collected in S5-ml

portiocns. Eluace fractioms (100-150 ml) containing
the contmla:cd Product were combined. Assaying by the
Lowzy m:hod using bovine serum albumin as a standard
ravealed that the protein content in the combined fractions

10 was 84 ug/ml. Amino acid ratiocs im acid hydrolysate

(6% hydrochloric acid, 110°C, 24 hours)
vere as follows: Asp, 12.2 (12); Thr, 10.4 (10); Sec, 16 0

(14); Glu, 24.8 (26); Pro, 6.0 (S5); Gly, 6.3 (5); Ala, 8.6
(8)s Val, 6.3 (7); Mac, 4.0 (5); Ile, 7.6 (8); Leu, 21.0
15 (21); Tyvr, 5.2 (5); Phe, 9.9 (20); Lys, 6.5; His, 3.8 (3);
Arg, 9.1 (9)s Cys, Trp, dacomposad. Ia view of the fact
that rIFN-cA containg 11 Lys residues, the above results
"led to a comclusion that about 411 of Lys residues in intaz-
feron a had been modified at the e-amino group with ths
20 polyethylene. glycol mathyl ether. (average molecular weight
1,900). The poteacy of this product as deterained by the
enzyma i{mmmoasssy method [Mathods in Enzywmology, 79, 589-
595 (1981)) was 1.5% 107 international units/mg and the
. antiviral activity as determined by the method described
25  in Journal of Virology, ‘37, 755-758 (1981) vas 0.57 x 10’
international uni:s/m.;. This pr duct (IFA-3) was submitted
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to & clearance test in ratsg ag mentionad later harein,

(11) Using 100 mg of the Polyethylene glycol methyl qther
aldehyde obtaineqd in Reference Example 1 and having an
average wolecular weight of 750 and 100 mg of godium cyano-
borohydride, TITN-cA was treated in the same manner a4 (1)
to give 30 ml of a solution of polyethylene 91lycol methyl
e:he:-modi_fi-d IFN-a with a protein content of 130 ug/ml.
Amino acid ratios in aciq hydrolysate

(6 ¥ hyarochioric acid, 110°c, 24 hours) were as

follows: Asp, 12.1 (12); Thr, 10.1 (10); Ser, 13.6 (14);
Slt 26.7 (26)s Pro, 5.5 (3)) Gly, 5.6 (5); Ala, 8.4 (8),
Val, 6.7 (7); Mac, 5.5 (3)) Iie, 7.4 (8), Leu, 21.0 (21);
Tyr, 5.1 (S); Phe, 9.6 (10); Lys, 4.7; His, 3.8 (3); Arg,
9.1 (9): Trp, 1.8 (2); Cys, decomposad. Tha aﬁovn dats
indicate that about 57% of Lys residuas had been mod{fied

at the e-gming group. Enzyme immmoassay performed in the

Same matner as (1) gave the Tesult § x 106 international

units/mg, and the antiviral activity of the product was
0.16 = 10® tncernacional units/mg. |
(111) The procedure of (1) was followad using 27 mg of
the polyathylene glycol methyl erhe- aldehyde and 27 ag of
sodium cyanoborohydride and there vas obtained 50 ml of
& polyathylene 31yeol mathyl ether-modified IFN-a solution
vith & protein content of 45 ug/ml. Aming acid ratios in

acid hydrolysate (§ § hydrochloric acia,: 110°c,
24 hours) gave the following results: Asp, 13.6 (12); Thr,
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10.4 (10); saz, 14.9 (14); Glu, 26.6 (26); Pro, 5.5 (5);
Gly, 6.1 (5); Als, 8.3 (8)) Val, 6.6 (7); Mac, 5.2 (S),
Ile, 7.4 (8); Leu, 21.0 (21); Tyr, 5.3 (5); Phae, 10.2 (10);
Lys, 9.0; Ris, 3.6 (3)) Arg, 9.1 (9);5 Tra, 2.3 (2); Cys,

5 d‘coupou& The above daca indicate that about 18% of Lys
residues had been modified at the c-amino group. Enzyme
immmoassay perforaed in the same manmer as (1) gave the
result 1.09 x 108 {ncernational unirs/mg and the antiviral
activicy of this produ;:: was 1.53 x :I.Oa inceraational units/mg.

10  (4v) The chemically modified IFN-a (IFA-3) of the inven-
tion as obtained sbove in (1) vas administersd to a group
of three 7-week-old femala SD rats by injection into the
femoral muscle in a dose of 1.274 x 1()6 wmits pex clpiu.'
After a prescribed period, blood was sampled from the caudal

15 vein and the IFN-a pocency in plasma was determined by the
enzyne immmoassay method and antiviral sctivity method
described in Example 1 (4). A distincs delay in clearance
was observed as compared with a group administezed unmodi-
fiad interferon a (rIFN-aA) in a dose of 1.259 x 105 units

20 per capita.

The above results are depicted in Fig. 1.
Exswole 2

To 5 ml of the solutiom of chemically modified IFN-a
(TFA-3) of the invention as obtained in Example 1 (1),

25 there 15 added 230 mg of human serum albumin. The resulting
solution 4s filtered through a wbrano filtexr (pore size:
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- 0-2 1m) and diseribuced faco s vials,
zation and storage.

followed by lyophily-

The contents of esch vial are digsolved

in 1 ml of distillod.wau: for injection just prior to use.

Example 3 Productionm of polyethylene glycol aethyl ather-
modified IFN-a and alkanoyl-polyethylene glycol-
modified IFN-g .

(1) The "titin compounds were synthesizaed by using the
polyathylepo 8lycol methyl ather aldehyda and alkanoyl- |
polyethylene gl'ycol aldehyde obtained in Reference Example
1 and Reference Example 2, Tespectively, and following the
Procedure of Example 1. Various data for each derivative
synthesized are shown in Table 1 and amino scid mlys!.q
data therefor in Table 2. |
(11) The chemically modified IFN-a species cbtained in (1)
above (compounds Neo. 2 and No. 8) were administered to 7-
veek-old female SD rats in groups of 3 by intramusculsr
injection into the femur in doses of 3.12 x 105 units end
2.66 x 105 units, respectivaly. Thereafter, blood samples
vere collected from the caudal vein at times intervals and
assayed for IFN-a potency in plasma by enzyme immunoassay.
Obv:!.oualy dalayed clearance was noted &8 compared with the
group givem 3.82 x ].06 units of unmodified IFN-a. These
Tesults are depicted in Fig. 2.
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Table 2
Azino acid analysis value
%T'd e )]s Jajs 3,1 K rl{:{?:lgu
] te e

Asgrz.sfiaquespa g uaafizd 2.2 fi2.d 12.8)i2.d 12
Tho L7l th2fi0.d 13 qdro.ofir.d 10.3i1.d 10
Ser 15.816.7 15.7 [15.4 17.8 [15.4 15.4 [16.4 15.6 [is.q 14
Gldat.4je1.d26.7/27.4 27.827.4 26.1 |as. 4 26.4 [27.4 26
Prd - [5.4 s.6/s.d4 5. 5.4 5.5[05.0 5.7{3.4 s
Gin 48154 4.8)4d 7.00d 4.5]5.d s.afeq s )
Ald 8.1]8.4 3.1 1.] 3:8(1.4 1.3/8.3 s.4{1.4 3
Crd = |- - |~ ==} =)= =1=] 4
Vaj e.8/6.8 s.7/6.4 1.3(8.9 0.3]6.9 7.115.4d 1
Med 3.2(4.% 4.3)4.d aafa.d a1 a.8]2d s
tid 7.707.0 11014 s.0|7.d4 7.3{7.d 7.6]1.4d 3
Led 21.0 p1.q 21,0 f21.q4 21.0 f21.d 21.0 fa1.q 21.0 k1. 21
Trg 4349 a.6feq @ojed eafed c3]ed s
Phe 9.8)190.4 0.8/9.4 9.8/90.94 9.4/0.7 9.8|0.4 1o
Lrd s.ofiod10.6|0.d s.0lod 23led o3 1.4 11
Hig 2.113.4 2.702.0 2.9)2.4 2.8{2.4 2.904. 3
Arg 8.8/8.4 9.2/8.8 9.1/8.d s.5(7.4 7.8]8.d
T - [~ - |-} = |-] - 0.8 1.0 - 2

go27
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Exsmple 4 Production of polyethylene glycol methyl ether-
modified iﬁterferon-v

(1) A 5-ml portiom (5.95 mg as orotein) of a solution of
the interferon-y protein produced by the recombinant DNA
technique (hereinafter abbreviated as rIFN-y; cf. EPC laid
open No. 110044) was applied to a Sephadex G-25 columm (2.0
x 60.0 cm) and developed with 0.2 M phosphate buffer (pH
7.0). The eluate was fractionated in 5-ml portions.. Frac-
tions Nos. 11-13 were combined and diluted to 100 ml with
the same buffer. Thareto was added polyethylens glycol
methyl ether aldehyde (average molecular weight 750) (225 ng),
followed by addition of sodium cyanoborohydride (300 ug)'.
The mixture was shaken at 37°C for 72 hours. The resulting
Precipitate was removed by centrifugation. Ths iupemunt
was concentrated to 10 ml using a Diaflow membrane (Amicom).
The concentrate was applied to a Sephadex G-75 column (3.0 x
43.0 cm) and developed with 25 mM ammonium acetate buffer
(pH 6.0) + 0.15 M sodium chloride + 10 mM glutathions. The
eluate was fractionated in 5-ml portions. Fractions Nos.
17-24 containing the desired product were combined. The
protein content in the combined fractions as determined by

- the Bradford method using bovine serum albumin as & standard

was 7.73 ug/ml. The acid hydrolysate (6 8 hydro-

chloric acid, 110°C, 24 hours) gave the following amino acid
analysis values: Asp, 19.6 (20); Thr, 4.7 (5); Ser, 8.3 (11),
Glu, 18.5 (18); Pro, 2.1 (2); Gly, 5.4 (5); Als, 7.5 (8)
Val, 8.4 (8); Met, 3.7 (4); Ile, 7.1 (7); Leu, 9.7 (10),
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T, 5.3 (5); Phe, 9.7 (10), Lys, 17.6; His, 2.0 (2), Arg,
5.0 (8); Cys, Trp, decomposad. Since rIFN-y contains 20

Lys residues, the above results indicate that about 122 of the
Lys e-amino groups in rIFN-y had been modified by poly-
ethylene glycol methyl ether (aver ga molecula

erad alem 7

12 [ ¥}
L.aY We Sh gL V] .

The product had an antiviral activity of 1.3 x 108 intez-
national units/mg Adniniatration of the product to

rats resulted in obviocus delay ip clearance in blood. On the

other hand, the precipitate was dissolved in 6 M guanidine
hydrochloride and dialyzed against 25 oM amponium acetate

(PH 6.0) + 0.15 M sodium chloride + 10 mM glutathione at 4°C over-
night, followed by Sephadex G-75 gel filtration in the same

- mammer as above. The thus-purified fraction (25 ml) had a

protein content of 126 ug/ml and amino acid analysis of the
acid hydrolysate (6 N hydrochloric acid, l110°c, 24

. hours) gave the following values: Asp, 20.0 (20); Thr, 5.2

(5); Ser, 9.5 (11); Glu, 27.8 (18); Pro, 2.7 (2); Gly, 14.6
(5)s Ala, 8.1 (8); Val, 8.5 (8); Met, 4.3 (4); 1le, 7.2 (7);
Leu, 10.2 (10); Tyr, 5.8 (5); Phe, 10.1 (10); Lys, 14.7;

His, 2.0 (2); Arg, 7.3 (8); Thr, 0.7 (1); Cys, decomposed.

The higher vducc for Glu and Gly than the theoretical are
presumably dus to contamination by glutathione. Since
rIFN-v containg 20 Lys e-amino groups, the abova results
indicate that sbout 26.5% of the Lys g-amino groups in
rIFN-Y had been modified by polyethylene glycol methyl

ether.

(11) Using 225 mg of polyethylene glyc 1 methyl ether

wWves
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fams manner as (i) in the presence of 2-mercaptoethanol (21)

to give 30 ml of a polyethylene jlycol methyl ether-modified

TIEN-y loluticn having a pronin contcnt of 236 ug/ml. Amino

acid analysis of the acid hyd.:olynto (6 ¥ hydro~

chloric acid, 110°C, 24 hours) gave the following values:

Asp, 20.0 (20); Thr, 5.2 (5); Ser, 9.6 (11); Glu, 33.6 (18),

Pro, 1.8 (2); Gly, 19.9 (5); Ala, 8.2 (8); Val, 8.9 (8);
Met, 4.6 (4); Ile, 7.4 (7); Leu, 10.2 (10); Tyr, 5.9 (5):
Phe, 10.7 (10); Lys, 10.2; His, 2.3 (2); Arg, 7.9 (8); Trp,
The highsar values for Glu and ’
. “Gly are presumably due to contaminatiom with glut;thionc._.

0.6 (1); Cys, decomposed.

Since rIFN-y contains 20 Lys c-amino groups, the above

Tesults :I.hdicaco that about 501 of the Lys e-amino groupav
in rIFN-y had been modified by polyethylene glycol methyl

ather.

Example 5

(1). A 5-ml portiom (4.95 ng as prottln) of the! I!Roydz
noluticn obtained in Reference Example 3 ‘is applied to a
Sephadex 6-25 columm (2.0 x 60.0 cm) and developed with

0.2 M

by S ml.
to 100 ml with the same buffer.

modified IFN-yd2

Production of polyethylene glycol methyl ether-

phosphate buffer (pH 7.0). The eluate ‘is fractionated

Fractions Nos. 11-13 are combined and diluted
To the dilution is added

polyethylene glycol methyl ether aldebyde (average molecular
weight 750) (200 mg), and then sodium cyancborohydride (300

mg) .

The mixtuure is shaken at 37°C for 72 hours.

The
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:esulfing precipitate is removed by centrifugation. The
supernatant is concentrated to 10 ml using a Diaflow
membrane (Amicon). The concentrate is applied to a
Sephadex G-75 column (3.0 x 43.0 cm) and developed with
25 oM ammonium acetats buffer (pH 6.0) + 0.15 M sodium
chloride + 10 mwM glutathione. The eluates is fractionated
by 5 ml, and the fractions containing ﬁodified’lm-vdz
having the polyethylene glycol methyl ether moiéty on the
Lys c-amino group in the molecule are collectad and com-
bined. When this product is administered to zats, evidemt
delay in clearance in blood is noted.

On the other hand, the precipitate is dissolved in

. 6 M guanidine hydrochloride, dialyzed against 25 mM ammoniwm

acetate buffer (pH 6.0) + 0.15 M sodium chloride + 10 oM

g0t

glutathione at 4° C overnight, and purified by Sephadex G-75 gal filtraticn

in the same manner as above. Thus is obtained a fraction

containing modified IFN-yd2 having the polyethylene glycol

methyl ether moiety on the Lys c-amino group in the molecule.
Exsmple 6 Production of polyethylene glycol methyl ether-
modified IFN-vd3
(1) A 5-ml (5.5 mg as protein) portiom of the IFN-vd3

solution obtained in Reference Example 4 is applied to a
Sephadex G-23 column (2.0 x 60.0 ca), followed by davelop-
ment with 0.2 M phosphate buffer (pR 7.0). The eluate is
fractionated in 5-ml portions. Fractioms Nos. 11-13 are
combined, and thereto are added polyethylene glycol methyl-

- ather aldehyde (averag molecular weight 750) (225 mg) and
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then sodium cyanoborohydride (120 'mg). The mixture is
shaken at 37°C for 24 hours. The reaction mixture is
applie ¢to A'SQphadu G-73 column (3.0 x 43.0 em), followed
by development with 25 mM ammonium acataco buffer (pH 6.0).
Thus is obtained a fraction containing modified IFN-yd3
with the polyethylena glycol methyl ether moiety on the

Lys s-mmino group in the molecule. When this product is
administerad to rats, obvious dalay in clearance in blood is

observed.

K_xgl_.__‘l_ Production of polyethylene glycol methyl ether-

modified IL-2

(1) A 5-ml (5.0 mg as protein) portion of ths interleukin
2 (hereinafter abbreviated as rIL-2) cbtained in Reference
Example 5 was dialyzed agaim: 0.2 M phosphate buffer (pH
7.15) for 12 hours. To the dialyzate was added poly-
ethylens glycol methyl ether aldehyde (average molecular
weight 750) (97 mg), and then sodium cyanoborohydride (16_0
ng). The mixture was stirred at 37°C for 24 hours. Tha
resultant precipitate was removed by c;n:rifugation. The
supernatant vas dialyzed against 5 mM smmonium acetats
buffer (pH 5.0) for 5 hours. Thae dialyzate was applied to
a Sephadex G-75 column (3.0 x 43.0 cm) and developed with
the sane solvent system. The eluate was fractionated in
5-ml portions. The desired product-containing fractions
Nos. 21-29 were combined. The combined fractiom had a
protein content of 25 ug/ml as determined by the Bradford
mathod using bovine serum albumin as a2 standard. The acid
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hydrolysate (6 N hydrochloric acid, 110°C, 24 hours)

gave the following amin acid analysis values: Asp, 12.0

3.3 (3)s Gly, 2.2 (2); hia, 5.6 (57 Val, 3.7 (4); Mec, 3.9

(8)5 Ile, 8.1 (8)) Leu, 22.2 (22); Tyr, 3.0 (3); Pha 6.0
(6); Lys, 7.3; His, 3.0 (3); Arg, 3.9 (4); Cys, Trp, de-
coqﬁoud. Since rlL-2 contains 11 Lys residues, the above
Tesults indicate that about 33.61 of the Lys c-amino groups
had bim modified by polyethylens glycol methyl ether. The
IL-2 activity of the product as determined by the method of
Hinuma et al. [Biochemical and Biophysical Research Commmi-

‘cations, 109, 363-369 (1982)) which measures the growth of

an IL-2-dependent mouse natural killer cell line (NKC3)
with the [3H)-thymidine uptake into DNA as an index was

13 22,998 wnits/mg. When rIL-2 {s supposed to have sn activity

20

of 40,000 unita/mg, the product is estimated to retain
57.71 of the activity. After administration of this prod-

uct, obvious delay in clearance in blood was noted.
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Referance Example 1 Synthesis of polyethylene glycol‘m:hylo
athar aldenyde

(1) Polysthylene glycol methyl eather (5 g; average mole-
cular weight 5,000) was dissolved in methylene chloride
(100 ml) and then pyridinium chlorochromate (330 ng) was
added. The mixture was stirred at room temperaturs for 12
hours. The reaction m.';.xturc was diluted two-fold with
nathylene chloride ancl.lpoured inco & Florisil colum (6 x 10
cmn), and the column was washed wich mathylene cﬁlorido ad
then with chloroform, follm;cd by elution with methanol-
chloroform (1:9). Fractions positive to 2,4-dinitrophenyl-
hydrazine tast wers combined, the solvent was d.:l.s‘.:ilhd off
under reduced prassure, and there was obtained a crystalline
wax. Yield 1.5 g (30I). Thin layer chromatography: Rg=0.08
(chloroforn-machanol-acetic acid =9:1:0.5, silica gel).
13c..0m :pcc::m:iy ravealed an absorption dus to the
aldehyds group in hydrated form (-GH(OR),) at 96.2 ppum.

(1) Polyethylsne glycol machyl ethex (10 gs average
molecular weight 5,000) was dissolved in tertiary-butanol
(100 ml). Therato was added potassium tertiary-butoxide
(4.17 g), followed by addition of bromoacetal (2.36 ml).
The mixture was stirred at 40°C for 2 hours. The tsrtisry-
butanol was then distilled off under reduced prassurs,
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WALSr was added to the residue, and the iqueous mixcture

Was extracted with chlp;ofom (200 m1 x 2). The QXTTact was

washed with water and dried over anhydrous sodium sulfacs.

The chlorofora vas then distilled off under reduced pPressuxa,

Petroleum benzine was added to the ruidu‘. and the resul-
tant crystalline residus was collected by filtration and
washed with ether. Thus was obtained 9.5 g (952) of the
corresponding polycthylma 8lycol mathyl o:hc- diethyl
&cstal. A 5-g portiom of th. acetal was diuolvnd in 50 ml
of 0.05 M trifluoroacecic scid, treated in a boiling water
bath for 30 minutes and then lyophilized, giving o poly-
echylene giyeol mechyl ether aldehyde longer in chain length
by -o-cazcxz- than the product obrained in ().

(114) Polyethylens glycol methyl echer (5.7 g: average
wmolecular weight 1,900) was d:l.uqucd_in Bathylene chloride
(100 m1) and then pyridinim chlorochromata (970 mg) was
&dded. The mixture was stirred at room tuéu:a:m:c for 12
hours, then diluted with an equal volume of uothylm

cwen am

chloride, and poured into a Florisil column (6 0x10.0 ).

- The column was washed with methylene chloride and them wich

chloroform, followed by eluticn with 10X methanol/chloroform.
Fractions positive to 2,4-dinitTophenylhydrazine tast wers
combined. Removal of the solvent by distillacion gave a
crystalline wax. Yield 1.8 g (302). Thin layer chromato-
graphy: Rge0.10 (chloroform-mathanol-acatic acid=9:1:0.5,
silica gel). 130-8!0. spectromatry indicated the presence of
an tbcorpdan dus to the aldehyde grouwp in hydrated form

@gols
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(-GH(OR),) ac 96.2 ppu.

(iv) Polyechylene glycol mathyl ather (19.5 g; average
molacular veight 1,900) was dissolved in terctiary-bucanocl
(100 ml)., Potassium tartiary-bucoxide (10.4 g) was added
snd then bromoacetal (6.4 ml) was added. The mixturas was
stirred at 40°C for 2 hours. The tertiary-butanol was then
distilled off under raduced pressurs. Water was added to
the residus, followed by axtraction with chloroform (200 ml
x 2). The cxi:ac: wvas washed wich water and dried over an-
hydrous sodium sulfate. The chloroform was distilled off
under reduced prassurs, petroleum benzine was added to the
Tesidus, and the resultant crystalline residus was collected
by £iltraticn and washed with ethez to give 8.5 g (89. 5%) of
acezal. A 3-g portion of the acetal was dissolved in 0. 05
M t=ifluoroacetic acid, and the soluticn was treated in a .
boiling wvates bath for 30 minuces and then lycphilized to
give a polyathylene glycol methyl ether aldehyds longer in

chain length by -0-CH,CH,- than the product obtained ia (iii).

(v) Polysthylene glycol methyl ethex species baving
avezage molecular \uishﬁs of 750, 550 and 350 were derived
to the corrasponding aldehyda specias by following the above
procedures.

W

W
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Refarence Example 2 'Synthesis of alkanoyl polyethylene -
glycol aldehyde

(1) In 50 ml of Pyridine, there was dissolved 15 g of
polyethylene 8lycol 1540 (Wako Pure Chemical Industries)
(sverage molecular waight 1500). To the solution was added ‘
1.85 ml of acetic anhydrida. The mixture was stirred at
40°C for 2 hours and then 8t Toom temperature for 16 hours.
Thereafter, the solvent vas distilled off under reduced
Pressure. The residue was dissolved in chloroform, apg the

@B,

solution yag vashed vith water, the chloroform layer was dried over

anhydrous sodium sulfate, and the chloroform was distilled ca
under reduced pressure. The residue was dissolved in a

. small smount of chloroform, a petroleum benzine-ether (2:1)

mixture Ws addad to the salution, andtb.nixmmlnandtom
to give 14 g (901) of a crystalline wvax. A l.4-g portion of
the vax was dissolved in 50 ml of methylens chloride, fol- .

lowed by addition of 300 ng of pyridinium chlorochromate.

The resulting mixture was stirred at room tenpo:a:ura for

18 bhours. The reaction mixture was applied to a silica

gel C-200 (Wako Pure Chemical Industries) colum (3 x 50 cm), and

the mmwu&am@m (200 m2) and aluted
vith 107 methanol-chloroforn., hactim positive to the

2 k-dinitrophmylhydruine test were combined, and thae
solvent was distilled off under reduced pressure. A crystal-
line wax was obtained. Yield 580 mg (412).

(11) In 50 ml of methylenms chloride, there was dissolved

20 g £ p lyethylene glyc 1 1000 (Wako Pure Chemical Ind.)
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(average molecular weight 1000), followed by additiom of
5.15 g of n-caproyl anhydride. The mixture was stirred at
70°C fczr 2 hours. Theﬁ. the solvent was distilled off, and
the tui.duo vas puxifiéd using a silica gel C-200 column (3 x
50 cm) and elution with ethyl acetate-methanol (4:1) to give
14.9 g (60%) of an oil, which solidified upon standing in
a refrigerator. The subsequent oxidation with pyridinium
chlorochromate as conducted in the same manner s (1) gave
the corresponding aldehyde. '
Referenca Example 3 Production of IFN-vd2
(1) Transformant preparation

The IFN-y expression plasmid pHITtrpllOl [c£. EPC (laia
cpen) No. 110044, Example 2 (111)] was digested with the
restriction enzymes Avall and PstI, and an AvalI-PstI 1 kb
DMA fragment containing the IFN-y gens portion was isolated.
The protein synthesis start codon-_containinq oligonucleotide
adapter

CGATAATGTGCCAG
TATTACACGGTCCTG

chemically synthesized by the phosphotriester method was
joined to the above DNA fragment at the Avall cchesive end
thereof using T4 DRA ligase. |

The above adapt.r-joihod gene was inserted into the
DNA fragment cbtained by cleavage of the plasaid ptrp77l
{cf. above-cited publication, Bxample 2 (ii)] with the .
regtriction enzymes Clal and PstI, downstream from the trp
promoter in said fragment. Thus was constructed the ex-

- vvo



10

20

25

0154316

. 1 2
pression plasmia PHITtrpll0l-d2 codirn; “_; tae Cys-Tyr-

deficient IFN-y Polypeptide (Fig. 3).
Bscherichia coli 294 was transformed with this plasmid

PHITtrpll01-d2 by the method of Cohen et al. [Proc. Natl.

14

Bacherichia coli (=E. coli) 294/pEITtrpl101-d2 carrying

said plasmia.

(1) Transformant cultivation

The strain E. coli 294/pHITtrp 1101-d2 carrying the bla-aid

constructed in (i) above was cultivated in M9 ned}un con-
taining 8 ug/ml of tatracycline, 0.4% of casamino acids
and 1% of glucose at 37°C. When the growth reached XU 220,
3-B~-indolylacrylic acid (IAA) vas added to a concentration
of 25 ug/ml. Theroizter, the cultivation wvas continued
for further 4 hours. After cultivation, cells wers har-
Vested by centrifugation and suspended in 1/10 volume of
0.05 M Tris-BC1l (pH 7.6) containing 108 sucrose. To the
suspension, there were added phenylmethylsulfonyl fluoride,
NaCl, ethylenediaminetetraacetate (EDTA) , spermidine and
lysozyme to concentrations of 1 mN, 10 mM, 40 mM and 200
ug/ml, respectively. After standing at 0°C for 1 hour,
the suspension was treated at 37°C for 3 minutes to give
a lysats.

The lysate was subjected to centrifugation at 4°C
and 20,000 rpm (Servall centrifuge, S§-34 rotor) for 30
minutes to give an IPN-yd2 polypeptide-containing super-
natant. This supernatant had an antiviral activity ¢
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2.87 x J.t)8 U/liter cultura fluid.
(#) Purification of IFN-yd2

In 18 ml of 0.1 M Tris-hydrochloride buffer (pH 7.0)
containing 7 M guanidine hydrochloride and 2 mM phenyl-
mathylsulfonyl fluorids, there wers suspended 5.9 g of
cells obtained in the same manner as (ii) above and stored
in the frozen state. The suspension was stirred at 4°C
for 1 hour and then subjected to centrifugation at 10,000 x g
for 30 minutes to give 20 ml of a supernatant. This
supernatant was diluted with 260 ml of a buffer (pH 7.4)
comprising 137 mM sodiua chloride, 2.7 mM potassium chloride,
8.1 mM disodium phosphate and 1.5 mM monopotassium phosphate
(hereinafter such buffaer being referred to by the abbre-
viation PBS) and the dilution was applied to an antihody
column (Moy2-1l.l, column volume 12 ml) at a flow rate of
1 ml/minuts. The column wvas then washed with 60 ml of 20

=M sodium phosphate buffer (pE 7.0) containing 0.5 M gua-

nidine hydrochloride and eluted with 36 ml of 20 mM sodium
phosphate buffer (pd 7.0) containing 2 N guanidine hydro-
chlaride to give 20 ml of an antivirally active fraction.
This 20-ml fraction was applied to a Sephacryl §5-200
(Pharmacia) column (2A.6 x 94 cm, column volume 500 ml)
equilibrated in advance with 25 =M ammonium acetate buffer
(pB 6.0) containing 1 mM ethylcnodiuiutcgrncento.
0.15 M sodium chloride, 10 m¥ cysteine and 2 M guanidine
hydrochloride, followed by eltuion with the same buffer.
Thus was obtained 37 ml of an antivirally active fracti n.

Y
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1l 2 .
Th Cys-Tyr-defici nt IFN-y polypeptide (IFN-vyd2)
obtained weighed 5.9 mg and had a specific activity of

1.0 x 107 u/mg.
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Refsrancs Example 4 Production of IFN-y 43
(1) Transformant p‘:éduction

The ITN-y expression plasaid pRC23/IFI-900 [c=.
Exanpie 7 o2 tae syacification for a patant application
inder EPC as laid open undar ¥o. 0089676] was digested
wvith the :u‘*‘ct‘on enzymes Ndel and NcoI, and a 710 by
NdeI-Ncol DNA fragment (A) containing the IFN-Y gene region
vas isola-od. Sezarzataly, the plu:.id PRC23 was digestad
with the restriction enzymes BolIT and ZcoRT, and a 263 by

DNA fzagment (B) containi=g the \F, pzczcter was isolated.

The fragments (A) and (B) ané the chemically synthesized,

protein syathesis start codon-containing oligonucleotide
AATTCATGTAGGATCCA |
G;zaccrccnemr
Wl:‘ joined tcgcthc: us:l.ng T4 DNA 1.gu-, with the Ndel

a.nd zcolu cahuive ends as the sites of join.tnq The DMA

!:tgnunt thus cbtained was jo:l_od to the plasmid pRC23/iFI-
900 after t-satxent with Ncol and BGlIT, to thersby m-
82."\1:; an expression plasmid, pLC2, csding for the Cys-
‘ry:-Cyl-daﬁc:l.cnt IT¥-y polypeptide (Fig. 2). This plasmid
p:.cz was nsod zo: tsansforming Escherichia coli RRI(pRE248

cIts) by the method of Cohen et al. { supral

to qj.vo a transformant, Escherichia coli.
(=E. coll) PRI(pLC2,pRR248 cIts).
(1) Transformant cultivation
' The strain g_.' coli R!I(pt.cz,pmta cIts) carzying -
the plasmid constzucted in (i) above was 'shakl-cu.ltund
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at 35°C in 350 Bl of a liquid mediunm containing 1% Bacto-
t=yptone, 0.5 YOASt extTact, 0.5% sodiun chloride and

7 ug/m1 tetracycline. The culture broth wag transferred
to 2.5 liters of M9 mediun containing 0.5% casaming acid,

N a
v

3% glucose and 7 Hg/ml tetracycline, ang g=own at 35°C
for 4 hours and then at 42°C for 3 houss. Cells vers
harvested by cent=ifugation ana stored at -goec.

( iii) Pusificaticn

In 22 ml of 0.1 & Tois-hydrochloride buffes (pE 7.0)

Containing 7 x suanidine hydrochloride and 2 =M pheavli- -
+meathylsulfonyl fluoride, thers were susperndsd 7.1 g of
£rozen calls cbtained in the same manser as Dentioned '
Bove in (11). The suspension was stizTed at 4°C for 1
hour and then cantxifuged at 10,000 x g for 30 minutes

to give 2¢ nl of & Supexnatant. This supecnatant vag
diluted by sdding 300 ml of pams '

and the dilution vag arplied to an antiba?dy. column (Moy2-
1l.1, column capacity 15 ml) at a flow rate of 1 ml/minyts.
TheTeafter, the colum was vashed vith 60 =l of 20 mk
sodium phoszhats bufer (R 7.0) containing 0.8 x guanidine
Bydrochloride and then eluted with 43 m1 of 20 m sodium

- phosphats buffer (p& 7.0) containing 2 M guanidine hydro—-

chlorids, to give 25 ml of an antivirally active fraction.
This fraction (28 al) was applied to a Sephacryl $-200
(Phamacia) colum (2.6 x 94 cm; column capacity 500 ml)

JEeMepes -
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equilibraeed 4n advance with 26 gy anzoniun acetaty bufse-
(pB 6.0) cantain.i.-xq‘l oM 0*.‘~.y1e.udia=‘.1.utst:ucatic acid,
0.15 ¥ sedium chlorids, 10 zu C7staine and 2 y guaniding
hyd:oc;xlor.‘.éc, .and eluted wisk toe same bufer o give
40 nl of an antivirally active £raction,

The thus-chiaingd c:ts-r;:{;s-éeﬂciant IF3~-y poly-
Festide IFN-} A3 weighed 7.9 Bg and had a
specific activisy of 2.72x10’ IT/ng.

wvee

BAD ORIGINAL
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(i) Transformant cultivation.

E- coli DHl/pTR¢ | E.PC Pat. Appln. No.}Y 3¢8lt3,0)
was inoqulated
taco 30 ml of & 11quid médlum (3B 7.9) contatntng iz Bacto
tTyptone (Difco Laboratories, USA), 0.52 Bacto Jeast extract
(Difeco Labbrltoriu, UsSdA), 0.5 sodium chloride and 7 ug/al
tatracycline as placed in a 250-ml Brlemmeyer flask. Afcer
incubation at 37°C overnight on a swing rotor, the culturs

meditm was transferred to 2 3-1liter jar fermenter conZaining
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2.5 liters of M9 mediuym containing 0.52 casamino acid, 0.5
glucose and 7 ug/ml tetracycline. Incubation was then con-
ducted with aeration and stirring at 37°C for 4 hours and,
after addition of 3-3-indolylaczylic acid (25 ug/ml), for
furches 4 hours. Calls were harvested f:om the thus-obtained
2.5-1iter cultare broth by cent-ifugation, frozen at -80°C
and stored.

(11) Extraction _

The freeze-stored calls (12.1 g) obtained above

‘Wware suspended uniformly in 100 ml of an extractant (pH

7.0) concaining 7 M guanidine hyézschloride and 0.1 M
Tris-HC1l, ths suspension was stizced at 4°C for 1 hour 'lnd
the lysate was cenczifuged at 28,000 x g for 20 minutes.
Thers was obtained 93 ml of a superaacant.
| (111) Purification of IL-2 protein

The supernatant obtained above was dialyzed

against 0.01 M Tris-ECl buffer (pH 8.5) and then centrifuged -,

at 19,000 x g for 10 minutes, g§iving 96 ml of a dialyzate
supernatnat. This dialyzate supernacant was applied to
a DE 52 (DEAE-celluloses, Whatman, Great Britain) column
(30 ml in volume) equilibrated with 0.01 M Tris-HC1l buffer
(pR 8.5) for protein adsorption. IL-2 was sluted making

Qods

& linear NaCl concentration gradient (0-0.15 M NaCl, 1 liter).

The active fractions (53 ml) wers concentrated to 4.8 ml
using a YM-5S membrane (Amicon, USA) and subjected to gel .
filtracion using a Sephacryl S-200 (Pharmacis, Sweden)
column (500 ml in volume) equibrated with 0.1 M Tris-EC1l
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(P2 8.0)-1 M NaC1 bufser, The ac:ive frac:iong (28 ml)
cbtained ware concencsared €0 2.5 ml using & YM-S membrang,
The concentrace Vas applied to a Ultzapcu RPSC (Altex,
USA) columm for adsopr:ion, and high perZormance liquid
Carcmatography was perfor— —ed using a trifluoroacazic acid-
2cetonitrile syscem as the eluent,

Under the condicions: coluem, Ul:-apou RPSC (4.6 x
75 )5 eolumn teIperaturs, 30°C; eluent A, 0.12 t=tfluoro-
acetic ac2d-99.97 wates; eluenc B, 0.12 triflucroacetic acid-
99.91 acatoniesile; .elution program, winute 0 (631 A + 322
B) - miauee 25 (55! A + 451 B) - minute 35 (457 A + 3:2 B) -
miauce 45 (30X A + 702 B) - minuce 48 (1002 B), clnuon Tats,
0.8 ml/min.; detection V&ve length, 230 nm. An active fraction
was collected at a Tetancion time of about 39 minutes.
Thus was obtained 10 nl of a solutien containing 0.53 nz of
non-qucosyhtod hmn IL=-2 p:otoin {specific activity, 40,000
U/mg; ac"ivif.v Tacovery from starting material, 30.6%;
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What is clained is:

-1, A chemically modified lymphokine having Polyethylene
glycol of the formulas

n—'(o-cxzcxz-)-n
wherein R is a protective group for the terminal oxygen
atom and n is an optional positive integer, bonded directly

to at least one primary amino group of the lymphokine
moiety. »

2. The nodified lymphokine according to claim 1, vherein
the lymphokine moiety has molecular veight from 5,000
to 50,000.

3. The modified lymphokine according to claim 2} wherein
the lymphokine molety has molecular weight froam 10,000
to 30,000.

4. The modified lyuphokinc according to claim 1, wherein
the lymphokine molety is interferons, interleukin-2, macrophage
dif!ctentiating factor, macrophage activating factor,

or substances similar in structure and in physiological
activity to these. |

5. The modified lymphokine according to claim 1, wherein
the lymphokine moiety is intezferon-a, interferon-8,
interferon-y, interferon-yd2, interferon-vd3 or interleukin-
2. ‘

6. The modified lymphokine according to claim 1, wherein
the lymphokine moiety is tnteferon-a.

7. The modified lymphokine according to cla;n 1, wherein

the lymphokine moiety is interferon-y.
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8.- The modifi 4 lymphokine according to claiam 1, wherein
the lymphokine moiety is interleukin-2.

S. The nod_uhd lymphokine according to oclaiam 1, wherein
the polyethylene glycol has . molecular veight corresponding to
1 to 108 of the molecular ni_ght.ot the lynmphokine moiety.

10. The nédiued lymphokine according to claim 1, wherein

the polyethylene glycol has molecular vieght from 350
to 6,000.

11. The modified lynphokine according to claim 1, wherein
R {8 alkyi or alkancyl,

12. The modifiea lmhokini according to claim 1, whon'in
R is & positive integer from 7 to 120. o

4
13. The modified lymphokine according to claim 1, wherein
the primary amino group is N-terminal a-amino group or
e-amino group of lysine residue in the lymphokine moiety.

14. The modified lyxphokine according to claim 1, which
bas polyethylene glycol bonded to 18 to 808 of c-amino
groups of lysine residue in the lysphokine molety.

1S. A method of producing a cheamically modified lymphokine
having polyethylene giycol of the formnlas '
"‘mzc'z"'n
vherein R is a protective group for the terminal oxygen
atom and n is an optional positive integer, bonded directly
to at least one primary amino group of the lymphokine
nolety, which comprises reacting a lymphokine with an
aldehyde of the formula:

vherein R and n are as defined above, in the presence
of a reducing agent.
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16. Th method according t claim 15, wherein the reaction
is ¢ nducted in the neighborhood of neutrality.

17. The method according to claim 15, wherein the reducing
agent is sodium cyanoborohydride.
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